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Abstract— Analytic series solution for the problem of
transverse magnetic (TM) scattering by an elliptic dielec-
tric cylinder loaded slot is presented for an electric line
source illumination. The solution is based on using Math-
ieu functions and mode matching technique (MMT) and it

converges very fast.

I. INTRODUCTION

There have been many studies of sattering by a
slot which is loaded by a dielectric circular cylinder
in an infinite conducting plane or double wedges [1-
3]. However, for many practical applications such as
microwave lens antenna, the effect of the shape of the
cylinder becomes significant. In this paper, an ana-
lytic series solution for the scattering by an elliptic
dielectric loaded slot is presented. The slot is loaded
with a dielectric cylinder of eccentricity e and wave
number k(= w,/110€€9). Using Mathieu functionsi4]
and MMT, we investigate electromagnetic scattering
by an elliptic cylinder loaded slot for electric line

source illumination.

II. FIELD REPRESENTATIONS

The problem is formulated with respect to ellip-
tic cylinder coordinates ¢, n as shown in Fig. 1.
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Fig. 1. Geometry of the elliptic dielectric cylinder loaded slot

focal distance. The interface between Regions I, IT
and IIT in Fig. 1 is represented by the relation (,

(e = EEsix—Co = ¢). The eccentricity e is represented

by v/1 - (b/a)*. a and b are semi-major and semi-

minor axis, respectively. When the T M, line source
at (ps, ¢:) impinges on the slot in a PEC, the in-
cident and specularly reflected fields for Region I
(¢ > ¢0,0 < < m) may be represented as follow-

ing.
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where py = p, cos ¢; and I, is the strength of the elec-
tric current filament and k;(= w. /o) is the wave
number in the Region L Ms,, 2, Mec, () for s = 1,2 and
4 are the odd and even radial Mathieu functions of
the sth kind and Ms§,4) = Ms,(,l) - stéz). The scat-
tered field in Region I may be represented by impos-
ing boundary condition on the PEC substrate since

sep(n,q1) = 0 at n =0 and = as follow,

Ei(Cm) = By Y AMsP(C q)se(na)  (2)

p=1
The total field in Region I, the scattered field in-
side the dielectric elliptic cylinder in Region II (¢ >
(o, ™ < M < 27) and the transmitted field in Region

III (¢ < ¢, 0 < m < 2m) may be represented as

El(¢m) = Ei¢m)+EN¢n) + B¢ n) (3)
El'Gm) = E§Y  DpMs(¢,q1)ses(n a1)(4)
Eiu (Ca 77) = E(l) Z B,,MCS)(C, q2)cen (777 QZ)
n=0

+ EyY CuMsP(C,g2)sen(n, 3)(5)

n=1
where ¢; = (kiae)?/4 and i = 1,2. From Maxwell’s

equations, the 7 -components of the magnetic field

may be represented as

jwe, aEg,II,III
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where L = d{cosh® ¢ — cos® 17)’1’ and r=1, 2 for k, and
&, respectively.

In the above equations, A,, By, C, and D,
are unknown coefficients to be determined with field

continuity conditions across the slot at (p.
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Applying the orthogonality condition of the angular

Mathieu functions and multiplying se,(7, ¢1), the fol-

lowing equations can be obtained for m and p > 1.
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where 37 = 57" M s$(¢,, q1). Substitution of Eqgs.(9)
and (10) into (11) and (12) yields the simultaneous

equations in terms of A, and B, as following.
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The unknown coefficients C,, and D, from Egs. (9)

and (10) are expressed as following.
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The infinite series involved in the solution are con-
vergent, and this makes it possible to truncate after
a certain number of terms to determine the unknown
coefficients B,, and C,. Once B, and C, is deter-
mined, it is possible to evaluate 4, and D, using
Egs. (16) and (17).

II1. TRANSMITTED FIELD COMPUTATION

The analysis has been done for the line source il-
lumination so far, plane wave excitation can be also
obtained by letting the line source recede to infinity.
The transmission coefficient of the elliptic dielectric
loaded slot is the ratio of the time average transmit-
ted through the dielectric interface at { = (; and
180° < 1 < 360" into the lower sector to the time

average power produced by the plane wave source,

represented by

N
1
= —Qka E IDI)IZ (18)
p=1

Fig. 2 shows the change of the transmission coeffi-
cients for loaded slot with frequency and eccentrici-
ties (b = a, 0.86a and 0.3a). It is noted that T for
circular dielectric loaded slot as the limiting case of
elliptic one agrees well with the transmission coeffi-

cient of [2].
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Fig. 2. Change of transmission coefficient vs. kga for plane wave

incidence with different eccentricities, ¢; = 90° and ¢, =5

When the observation is located at far distance,

the transmitted field at Region II can be written as

(—00 2 . . (2p+1)r
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Transmitted far field pattern is shown in Fig. 3 for
line source illumination (p, = 1\, ¢; = 90°,¢, = 1,3,5
and 7) with the eccentricity fixed. Fig. 4 shows
transmitted far field pattern for plane wave incidence
(¢i = 90°% ¢ = 1,3,5 and 7) with the different ec-
centricities (e = 1/,/€;). It is also known from optics
that the geometric focus becomes the optical focus for
a given index of refraction n = /e, [5]. It is noted

that one can obtain a flat-topped pattern at €, = 3.
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Fig. 3. Scattered far field patterns for elliptic cylinder loaded slot
vs. €, for a line source illumination (p; = 1A, ¢; = 90°), a = 1

and b = 0.5\

IV. ConNCLUSION

An analytic series solution for the problem of
transverse magnetic wave scattering by a elliptic di-
electric loaded slot is presented in this paper. Exam-
ination of our results shows that the eccentricities of
the dielectric cylinder lead to significant variation in

the transmitted far field pattern.
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